Introduction
Although complete remission rates in adults with acute myeloid leukaemia (AML) are high [1] disease free survival (DFS) without postremission therapy rarely exceeds one year [2, 3] and most patients succumb to their disease within a few months from initial diagnosis. It has consistently been shown that consolidation therapy does improve survival [4] [5] [6] [7] whereas maintenance chemotherapy after early consolidation does not [8] . Since AML is chemo-sensitive [9] it should be possible to improve the cure rate by intensification of early postremission treatment. A particularly attractive candidate drug for such endeavours would be cytosine arabinoside [10] . High-dose cytosine arabinoside (HDAC) has been shown to induce remissions even in refractory AML [11] and was effective as consolidation therapy in nonrandomized studies [12, 13] . Recent data from a CALGB study comparing three dose levels of cytarabine consolidation support the concept of a dose-response effect for this drug in patients of 60 years or younger [14] . These results were obtained with an extensive and expensive treatment programme including four consolidation cycles followed by four cycles of maintenance. In May 1985, we started a phase III study in adult AML comparing a single consolidation cycle of SDAC with HDAC (with daunorubicin in both treatment arms) after two courses of non-cross resistant induction chemotherapy [15, 16] . We postulated that intensive short-term consolidation with HDAC would yield considerably better results than SDAC without imposing the toxicity and the costs of prolonged treatment strategies.
Patients and methods

Patients
Previously untreated patients aged 15-65 years with de novo acute myeloid leukaemia (AML FAB Ml-6) classified according to the French-American-British (FAB) criteria [17] were registered from May 1985 to June 1992 from the eight main centres responsible for the care of virtually all cases of acute leukaemia of this age group in Switzerland. Patients with severe non-neoplastic conditions, and patients whose follow-up was not guaranteed were excluded. All patients gave their verbal informed consent to participate in this trial.
Treatment schedule
Patients received two courses of induction treatment (study design: Figure 1 ). The first course consisted of daunomycin (DNM) at 45 mg/ sqm given daily on days 1 to 3, Ara-C at 100 mg/sqm as a 24-hour continuous infusion for seven days, beginning on day 1 and vincristin 0.8 mg/sqm i.v. on day 10. The second course was started after haematological recovery from the first course or at day 17 of the first course if a marrow aspirate taken at that time showed persistent leukaemia (marrow rating M2 or worse according to CALGB criteria [18] ). The second course consisted of m-Amsacrine at 120 mg/sqm given i.v. daily for five days and VP16-213 at 80 mg/sqm day administered as a 24-hour infusion for five days. Patients not in CR/PR after two cycles went off study. Patients in remission (CR/PR) after two courses of induction who had an HLA-identical donor were scheduled to receive an allogenic bone marrow transplant (BMT). The other patients in CR/PR were stratified according to response to induction therapy (CR vs. PR), FAB classification (Ml-3 and M6 vs. M4-5) and age (<40 vs. >40 years), and were centrally randomized to receive one course of SDAC (arm A; 100 mg/sqm given as a 24-hour continuous infusion for seven days) or HDAC (arm B; at 3 g/sqm given i.v. as a one-hour infusion every 12 hours for six days). In both arms DNM was given at 45 mg/sqm i.v. bolus on days 1, 2, and 3. No maintenance treatment was given. Patients who relapsed after study treatment were treated at the discretion of the responsible physician. 
Assessment of response and toxicity
The response to treatment was assessed according to CALGB criteria [18] . Patients suffering early death (within 40 days) and cases inevaluable for response (lost to follow up; no marrow data) were classified as non-responders. Patients receiving bone marrow transplantation were evaluated for response and overall survival of the entire study population. Toxicity was classified using WHO criteria [19] . All toxicities and complications were centrally reviewed by the study chairman (MF). Event free survival (EFS) was calculated from the day of diagnosis and DSF from the day of clinical complete remission (CR) until the date of progression, relapse or death whichever occured first. OS was calculated from the day of diagnosis until the date of death due to any cause.
tions was tested as suggested by Gray and Tsiatis [24] . This linear rank test is specially powerful when the main interest is in differences of cure rates. Multivariate analyses for control of imbalances in prognostic factors were performed with Cox model for duration of EFS, DFS and OS [25] Hazard ratios were based on estimates from the Cox model. Overall results were analyzed for eligible registered patients, for all randomized patients and for patients stratified as CR at randomization and with confirmed CR. All P-values refer to two-sided tests.
Results
Study endpoints and statistical methods
Study endpoints were CR rate, EFS, DFS, OS and toxicity. All randomized patients were analyzed on a 'intended to treat' basis. The study was planned to assess an absolute 30% increment of event-free survivors at three years (15% versus 45% EFS). With an alpha error of 5% and a power of 80% a minimum of 50 eligible patients per arm was required. Confidence intervals were calculated as described [20] . Ratios were compared by chi-square tests without continuity correction and Fisher's exact test where appropriate. Predictive factors for CR were analyzed with contingency tables and multivariate logistic regression [21] . EFS, DFS and OS probabilities were calculated by the Kaplan-Meier method [22] . Standard errors were estimated using Greenwood's formula [23] . The equality of EFS, DFS and OS distribuTwo hundred eighty-eight patients with newly diagnosed AML were registered from May 1985 to June 1992 from eight centres regularly treating adult AML patients. Twelve of the 288 patients (4%) were not eligible and excluded from analysis (FAB-classification impossible or other than Ml-6: 5; age > 65 years: 6; and concomitant severe chronic lung disease: 1). One hundred thirtyseven patients in remission were randomized (67 in arm A and 70 in arm B); 119 stratified as CR (59 in arm A and 60 in arm B) and 18 as PR (8 in arm A and 10 in arm B), respectively.
The baseline characteristics of eligible patients are listed in Table 1 . By the time of this evaluation the median follow-up from randomization was six years.
Induction therapy
Of 276 eligible patients, 208 responded to induction (CR + PR: 75%; 95% confidence limits: 70% to 80%) and 169 achieved CR (61%; 95% confidence limits: 55% to 67%). Forty-one patients had stable or progressive disease (15%). Twenty (7%) treatment-related early deaths occurred. Seven eligible patients (3%) were not evaluable for response because of lack of documents or early stopping of treatment and were considered as nonresponders.
In a univariate analysis factors predictive for reaching CR after induction were age < 40 years (P -0.006), female sex (P = 0.06), good initial performance status (P -0.06) and presence of Auer rods (P = 0.01). When adjusting for the clinically relevant covariates in a logistic regression model, the same factors had a significant impact on the probability to achieve CR ( Table 2 ). The odds ratios in this model indicate that, for a given set of covariate values, age <40 was associated with an increased (more than twice) chance of CR with respect to age ^40. Toxicity and side effects are displayed in Table 3 . Infections, haemorrhage, organ failure (mainly cardiac and renal) and transfusion-related complications (refractoriness to platelet transfusions and allergic/anaphylactic transfusion reactions) were the most frequent events during induction. Lethal infections with sepsis (mainly from Staphylococcus aureus and Escherichia coli) occurred during both induction cycles (2.9% in cycle one and 2.4% in cycle two) while lethal central nervous system hemorrhages occurred only during first cycle (2.5%). Three patients died of cardiac complications and one of renal failure.
Consolidation therapy
Of the 208 patients in remission eligible for BMT or consolidation, 33 (16%) received allogenic BMT, whilst 137 (67%) were randomized (67 in arm A and 70 in arm B) all of them with well balanced baseline prognostic factors (Table 1) . Thirty-eight patients (18%) refused randomization or their physicians opted for elective consolidation treatment mainly because of toxicity during induction. Six randomized patients (two in A and four in B) were found not to satisfy randomization requirements (age and response), and were nevertheless analysed according to the assigned treatment arm.
The median interval between beginning of induction (day one of treatment) and of consolidation (after reaching the protocol specified criteria for toxicity recovery in order to sustain HDAC) was 79 days (range: 54-161) in A and 76 days (range: 48-177) in B. Eleven patients in PR at randomization reached CR after consolidation (six in A and five in B). One patient randomized in arm B as PR achieved a CR in the interval before starting the consolidation. Four patients randomized to receive arm B (6%) did not receive the consolidation treatment due to toxicity during induction. Seven patients (one in arm A and six in arm B) received the assigned treatment with modifications such as dose reduction or suspension of some drugs. One patient in each arm received the other regimen. The toxicity of the consolidation therapy is summarized in Table 3 . WHO grade 3 or 4 side effects occurred in 14 of 67 patients treated with SDAC and in 38 of 66 patients with HDAC (P < 0.0001). One patient died due to septicemia in the HDAC arm. Toxicities under highdose Ara-C were significantly more severe including notably: infections (P < 0.0001), gastrointestinal (P < 0.002) and neurological side effects (P < 0.0001) including ataxia, syncope and desorientation. Vomiting, diarrhoea and mucositis were observed mainly in arm B. No major haemorrhages were observed in either arm with the exception of one patient with temporary blindness due to retinal bleeding.
Event free and overall survival (registered and randomized patients)
The median EFS of 276 registered patients (213 events) was 9.7 months and median OS (191 deaths) was 17.2 months with 42% + 3% of the patients alive at two years and 36% + 3% at three years.
One hundred two of 137 randomized patients had progressed or died by the time of the current evaluation.The median EFS of randomized patients was 10. Conventional Ara-C, n = 67; high dose Ara-C, n -70. P = 0.18). Eighty-three randomized patients died by the time of the current evaluation. The median overall survival was 24.6 months in the SDAC arm and 32.6 months in the HDAC arm (P = 0.07) with 56% + 6% of the patients alive at two years and 49% + 6% at three years. Table 4a summarizes actuarial data of all randomized patients at three to five years of follow up. Multivariate analysis of factors predictive of EFS and OS of all randomized patients showed that, after allowance for covariates (age, sex, performance status, extramedullary disease, auerrods, leukocyte count and FAB), the achievement of CR had the greatest impact on both outcomes. Achievement of CR corresponded to a hazard ratio of 0.43 for EFS (P = 0.001) and 0.37 for OS {P = 0.0005) compared with no achievement of CR. Although statistically uncertain, HDAC reduced the hazard of progression (hazard ratio = 0.69, P = 0.08) and of death (hazard ratio = 0.70, P -0.13) in this group of patients.
Disease free and overall survival (patients stratified as CR)
Seven out of the 119 patients stratified as CR (four A and three B) never achieved a true CR (as assessed at review) and were excluded from these subgroup evaluations.
The median DFS of CR patients was 8.5 with SDAC versus 15.2 months with HDAC ( Figure 3 , P = 0.09). The DFS curve of the HDAC arm shows a high risk of relapse for the first two years after diagnosis and subsequently a plateau after four to five years whereas the SDAC arm does not exhibit a plateau with late events due to relapsing leukaemia still occurring after four years and later. The median overall survival was 27.5 months in the SDAC arm and 43.3 months in the HDAC arm (P = 0.10). Table 4b summarizes actuarial data of all CR patients at three to five years of follow up.
Multivariate analysis of factors predictive of DFS and OS of CR patients showed that, after allowance for covariates (age, sex, performance status, extramedullary (6) 25% (5) 23% (5) 37% (6) 37% (6) 37% (6) 45% (7) 38% (7) 33% (7) 54% (7) 48% (7) 45% (7) 0.09 0.10 " Patient numbers, confirmed CR disease, auerrods, leukocyte count and FAB), HDAC reduced the hazard of progression (hazard ratio = 0.61, P -0.049) and of death (hazard ratio = 0.66, P = 0.13).
In addition, we analyzed DFS of CR patients according to age group (<40 vs. ^40 years). In the younger age group, there was no significant difference between SDAC (n -18, median 8.1 months) and HDAC (n -18, median 10 months; P = 0.98). On the contrary, DFS was significantly longer in patients older than 40 years treated with HDAC (n -39, median 16.6 months) compared to SDAC (n -37, median 9.4 months; P = 0.04).
Discussion
The objective of this study was to investigate whether one cycle of HDAC consolidation would increase the proportion of AML patients in long term remission by postremission intensification. The multivariate analysis of disease-free survival suggests that, in CR patients, one cycle HDAC may indeed reduce the hazard of relapse (hazard ratio = 0.61, P -0.049) compared to one cycle SDAC. There was also a trend for improved survival with HDAC (hazard ratio = 0.66, P = 0.13). The higher efficacy (in terms of disease free survival) of HDAC compared with SDAC or other postremission intensifications is in accordance with findings previously reported for other randomized [14] and not randomized studies [26, 27] . HDAC seems associated with shorter disease free survival only if compared with bone marrow Conventional Ara-C High Dose Ara-C Figure 3 . Kaplan-Meier plots of Disease Free Survival (DFS) by treatment arm (CR patients only). Conventional Ara-C, n = 55; high dose Ara-C, n = 57. transplantation; however, the two approaches result in similar overall survival rates [28] . The optimization of dose and intensity of HDAC is far from being achieved. In this context, it is interesting to notice that our results of one single consolidation course of HDAC are comparable with those of repeated cycles of high dose Ara-C treatment in the CALGB AML study [14] . To our knowledge, this is the only other published randomized study comparing dose intensities of Ara-C as consolidation treatment of first complete remission in adult AML. The patient characteristics and median follow up of the two studies are comparable except for a slight age difference and addition of dauno-rubicin to consolidation in our study (Table 5) . Our patients received a total dose of 36 g Ara-C in a single cycle whilst patients treated in the most intensive arm of the CALGB study received a total of 18 g per course repeated four times at monthly intervals. Thus, although the planned total dose of HDAC in the CALGB study was twice that of our study, our dose intensity of HDAC consolidation per course was twice that of the CALGB HDAC arm. The observation of comparable DFS and OS in our and the CALGB study suggests that dose intensity of Ara-C may be more important than total dosage [29] . Further studies are needed in order to verify whether additional courses of HDAC can improve the outcome compared to one single HDAC consolidation course.
Whilst DFS and OS in the HDAC arms of these two studies appear to compare very well, toxicity and costs of treatment differ considerably. A single HDAC consolidation course (with or without daunorubicin) would be much less expensive than the CALGB multiple course strategy. As expected, significantly higher toxicity rates were observed in our HDAC arm compared with SDAC. High toxicity including sometimes unacceptably high treatment-related mortality under HDAC was observed in many other studies during intensive consolidation therapy [4, 12, 26, [30] [31] [32] . Few patients were able to sustain repeated and prolonged periods of HDAC-induced severe agranulocytosis without life-threatening complications with persistently high mortality rates during further HDAC-consolidation courses [12, 14] . In the CALGB study, only 56% of the patients allocated to the HDAC consolidation program received full treatment whereas in our study 84% of patients randomized to HDAC did receive the treatment as planned. This problem is particularly important when treating patients older than 60. Only 29% of 129 patients older than 60 years tolerated four courses of HDAC in the CALGB trial and only about one half of them received more than one course. The same problem arised in an other non-randomized study of HDAC consolidation, where only a minority of patients received the intended number of HDAC courses [12] .
In summary, the outcome (DFS and OS) of our CR patients consolidated with a single course HDAC is better than with SDAC and compares favourably with the results of patients treated with much more aggressive and toxic consolidation such as repeated high-dose chemotherapy, autologous and allogeneic BMT [28, 31] . If confirmed, our results of short-term HDAC consolidation add an interesting option to the ongoing discussion on the most effective and least toxic consolidation treatment for adult AML patients in first complete remission.
